MINIATURE FUSE OF SURFACE -MOUNT TYPE 
BACKGROUND OF THE INVENTION 

The present invention relates to a miniature fuse of 
surface mount type. In particular, the present invention 
is suitable for a micro-miniature fuse of surface mount 
type which can be used for protection of apparatuses for 
communication and whose longitudinal length does not exceed 
11 mm. 

Apparatuses for communication to be connected to 
telephone lines and the like are liable to be subjected to 
high surge current due to indirect lightning strikes, or 
sudden and unusually high increases in voltage due to 
telephone lines accidentally coming into contact with power 
lines. Thus, fuses to be used for apparatuses for 
communication require both a strong time lag characteristic 
preventing the fuses from being melted by the surge current 
due to indirect lightning strikes as well as a high 
breaking capacity in the order of 60A at AC600V which 
assures a big fault current flow at the moment of the 
accidental power line contact to be safely switched off. 
Furthermore, as the apparatuses for communication become 
increasingly miniaturized, micro-miniature sized fuses are 
required to have a strong time lag characteristic and a 
high breaking capacity; they are also required to be of a 
surface mount type so that surface mounting of high density 
may be carried out. Thus far there have been provided 
inner soldered fuses which are constructed in such a manner 
as shown in Fig. 1 and Fig. 2, wherein a fusible member 102 
is wound around a support member of insulating material 
made up of bundled glass fibers and the respective ends of 
the fusible member 102 are soldered to the recessed bottom 
of the conductive terminals 104 of cap- like configuration. 

A disadvantage of the inner soldered type fuse is 
that the electrical resistances of produced fuses disperse 
widely from designed value so that the pre-arcing time may 
often be uneven. In accordance with an inner soldering 
type, when a soldering iron is placed from the outside of 
the cap- like terminal 104 so as to melt the solder 106 
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attached to the interior of the recess of the cap terminal 
104 to solder the fusible member 102 wound around the 
bundled glass fibers 100 to the bottom of the recess of the 
cap terminal 104, melted soldering material will be caused 
5 to flow along the fusible member 102 wound around the 

bundle of the glass fibers 100, resulting in a clogging of 
the spaces between the adjacent portions of the wound 
fusible member 102 to make short-circuits between them. As 
a result, the length of the fusible member 102 which is in 
M* 10 the short-circuit state may result in one-third of overall 

y length of the fusible member, and thus the performance of 

few? 

Cp fuses may be changed entirely. In addition to the above, 

53 it also often happens that at the time of breaking, the 

yj soldering material inside the cap terminal will be 

15 vaporized and arc will be sustained, making it impossible 
P for the breaking to be performed, which is also a 

ft) disadvantage. 

£ Further, the conductive cap-like terminals 104 and 

q the main body 108 made of an insulating material are 

W 20 secured by the frictional force caused by coagulation of 

the soldering material which has flowed into the space 
between the cap terminals and the main body. In the case 
of fuses of surface mount type, when such fuses are mounted 
on a substrate by means of soldering, the fuses are 

2 5 also heated to a temperature of soldering. Since the 

soldering temperature profiles differ from manufacturer to 
manufacturer, in the case of high temperature soldering, 
the soldering materials within the fuses, namely the 
soldering materials which have entered between the 
30 conductive cap-like terminals 104 and the main body 108 are 
caused to melt, whereby the conductive cap-like terminals 
104 might possibly be detached from the main body 108, 
which was considered a problem. Furthermore, since the 
melting point of the soldering material which does not 

3 5 contain lead in view of problems associated with its use 

tends to be relatively high, the soldering temperature at 
the time of mounting fuses on a substrate is likely to be 
further increased, which is another problem that will have 
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to be solved. 

As shown in Fig. 1 and Fig. 2, the main body 108 has 
a columnar configuration and a through hole 110 is so 
provided as to extend between the opposite end faces of the 
5 main body in the longitudinal direction. Since a miniature 
fuse of surface mount type is so small, in the order of 
11 mm in respect of the overall length, the diameter of 
such a through hole is also very small, in the order of mm. 
Accordingly, since the support member 100 with the fusible 

M 10 member 102 wound therearound had to be inserted through a 

Q 

*=l small inlet on the end face of the main body 108, 

31 workability in the course of manufacturing was consequently 

m 

S poor - 

HI SUMMARY OF THE INVENTION 

4= 15 An object of the present invention is to provide a 

p miniature fuse of surface mount type which has a stable 

rU pre-arcing time-current characteristic without uneven 

^ performance and a strong time lag characteristic and, in 

O addition, a large breaking capacity. 

20 Another object of the present invention is to provide 

a miniature fuse of surface mount type which has a stable 
pre-arcing time current characteristic without uneven 
performance and a large breaking capacity. 

A further object of the present invention is to 
25 provide a miniature fuse of surface mount type which is 
easy to manufacture. 

The object of the present invention mentioned above 
may be accomplished by a miniature fuse of surface mount 
type according to the present invention including a fusible 
30 member, a support member adapted to support said fusible 
member, a main body made of heat resistant insulating 
material and a pair of conductive terminals, wherein said 
main body includes a pair of opposed end portions and a 
cavity defined inside of the main body between said pair of 
35 end terminals, the middle part of said fusible member is 
wound around said support member and, in this condition, 
disposed in said cavity between a pair of end portions, the 
opposite end portions of said fusible member are extended 



outwardly onto the peripheral surface of said main body 
from a pair of end portions of said main body or from the 
vicinities thereof, the respective conductive terminals are 
fit onto the respective end portions of said main body, and 
connected electrically and mechanically to the respective 
end portions of said fusible member, and wherein said 
support member is made of a material that has ease of shape 
formation, has pressure resistant strength, containing in 
terms of weight ratio A1 2 0 3 exceeding 96%, MgO exceeding 3%, 
and BeO less than 1%; said fusible member is made of a 
metallic material having a low melting temperature and 
containing in terms of weight ratio Ag equal to or 
exceeding 50%, Cu equal to or exceeding 20%, Zn equal to or 
exceeding 17% and Sn equal to or exceeding 5%; and said 
electrical and mechanical connection is executed by welding. 

According to an aspect of the present invention, it 
is preferable that cut-out recessed portions are formed 
at two locations along the diagonal line on the outer 
peripheral surface at the opposite end portions of said 
main body in contact with the end surfaces of said main 
body, and the respective end portions of said fusible 
member are engaged with said cut-out recessed portions. 

According to another aspect of the present invention, 
it is preferable that said main body has a columnar 
configuration; said conductive terminals are of cap-like 
configuration having recessed portions to be fit onto the 
opposite end portions of said main body; and lids of thin 
sheet made of insulating material and having a thickness 
smaller than the depth of said recessed portions are 
provided between the end surfaces of said main body and the 
bottom of the recessed portions of said conductive 
terminals . 

The second object of the present invention mentioned 
above may be accomplished by a miniature fuse of surface 
mount type according to the present invention including a 
fusible member, a main body made of heat resistant 
insulating material, and a pair of conductive terminals, 
wherein said main body includes a pair of opposing end 
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portions and a cavity defined inside the main body between 
said pair of end portions, said fusible member is disposed 
in said cavity of said main body between said pair of end 
portions, the opposite end portions of said fusible member 
5 are extended outwardly onto the outer surface of said main 
body from a pair of end portions of said main body or from 
the vicinities thereof, the respective conductive terminals 
are fit onto the respective end portions of said main 
body, and connected electrically and mechanically to the 
M 10 respective end portions of said fusible member, and wherein 

g said electrical and mechanical connection is executed by 

Qn welding* 

Jj| The third object of the present invention mentioned 

JJTJ above may be accomplished by a miniature fuse of surface 

** 15 mount type according to the present invention including a 

q fusible member, a main body made of heat resistant 

m insulating material and a pair of conductive terminals, 

| Ljl 

wherein said main body has a columnar configuration and a 
□ cavity defined inside of the main body between the opposite 

^ 20 end portions, said fusible member is disposed in said 

cavity of said main body between said opposite end portions, 
the opposite end portions of said fusible member are 
extended outwardly onto the outer surface of said main body 
from the opposite end portions of said main body or from 

25 the vicinities thereof, the respective conductive terminals 
are fit onto the respective end portions of said main body 
and electrically connected to the respective end portions 
of said fusible member, and wherein said main body is 
comprised of two split members which are separated in the 

30 direction of connecting the opposite end portions; and 

recessed portions extending to the split end surface are 
provided, as the recessed portions of said main body, in 
the vicinities of the respective end portions of the side 
surfaces of at least one of said split members forming the 

35 columnar configuration of the main body, whereby 

workability in the course of manufacturing may be improved. 

According to an aspect of the present invention, 
it is preferable that recessed portions extending to the 
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split end surfaces are provided in the vicinities of the 
respective end portions of the side surfaces of the other 
of said split members forming the columnar configuration of 
the main body; and the recessed portions of two split 
5 members are adapted to form one recessed portion at the 

side surfaces forming the columnar configuration when said 
two split members are jointed to form said main body. 

According to another aspect of the present invention, 
it is preferable that said conductive terminals are 
jjj 10 metallic caps; the end portions of said fusible members are 

P connected to said caps by welding, and projections adapted 

0 1 to fit in the recessed portions of said main body are 

formed at said caps by said welding in order to fix said 
U1 caps to said main body. 

^ 15 According to a further aspect of the present 

3 

□ invention, said main body is preferably made of ceramic 

jW material. 

y± According to the present invention, the support 

P member is made of a material that has ease of shape 

ru 

20 formation, has pressure resistant strength, and contains 
in terms of weight ratio A1 2 0 3 exceeding 96%, MgO exceeding 
3%, and BeO less than 1%; the fusible member is made of a 
metallic material having a low melting temperature and 
containing in terms of weight ratio Ag equal to or 

25 exceeding 50%, Cu equal to or exceeding 20%, Zn equal to or 
exceeding 17% and Sn equal to or exceeding 5%; and the 
electrical and mechanical connection is executed by welding 
so that the pre -arcing time -current characteristic can be 
kept stable and a strong time lag characteristic can be 

30 provided and a high breaking capacity in the order of 60A 
at AC 600V without sustaining arcs due to metallic 
vaporization of the soldering materials can be attained. 

Further according to the present invention, since the 
conductive terminals and the fusible member are connected 

3 5 by welding, a steady pre -arcing time -current characteristic 
and a large breaking capacity can be attained without 
uneven performance, and the miniature fuse of surface mount 
type may not be affected by the heat generated at the time 
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of soldering the miniature fuse of surface mount type to a 
printed circuit board after assembly, whereby stable 
connection between them can be maintained at the time of 
mounting the fuse to the printed circuit board. 
5 Still according to the present invention, since the 

main body is comprised of two split members which are 
separated in the direction of connecting the opposite end 
portions, and recessed portions extending to the split end 
surface are provided, as the recessed portions of said main 
M 10 body, in the vicinities of the respective end portions of 

i*i the side surfaces of at least one of said split members 

CP forming the columnar configuration of the main body, such a 

flfl 

construction as having a recessed portion at the side 
Ifi surface of the main body can be manufactured by press 

15 molding and the fusing member can be extended in a casing 
q of a fuse easily, whereby production of miniature fuse of 

ry surface mount type can be made easy, automated production 

can also be facilitated and production rate can be enhanced. 
O BRIEF DESCRIPTION OF THE DRAWINGS 

rij 

sfc 20 Fig. 1 is the perspective view showing the fuse made 

of glass tube according to a prior art; 

Fig. 2 is the sectional view taken along the line B-B 
in Fig. 1; 

Fig. 3 is the perspective view showing an embodiment 
25 of the present invention; 

Fig. 4 is the sectional view taken along the line A- A 
in Fig. 3; 

Fig. 5 is a fragmentary assembly drawing excluding 
the terminals of cap- like shape according to an embodiment 
30 of the present invention; 

Fig. 6 is the perspective view showing the position 
of the welding electrode according to an embodiment of the 
present invention ; 

Fig. 7 is the exploded assembly drawing of the 
35 miniature fuse of surface mount type according to the 
second embodiment of the present invention; 

Fig. 8 is the longitudinal sectional view of the 
miniature fuse of surface mount type according to the 
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second embodiment of the present invention in the side 
surface direction; 

Fig. 9 is the longitudinal sectional view of the 
miniature fuse of surface mount type according to the 
5 second embodiment of the present invention in the upper 
surface direction ; 

Fig, 10 is the explanatory drawing for explaining the 
work of inserting the ceramic rod with fusible member wound 
therearound into the through-hole of the main body; 

fr 

^ 10 Fig. 11 is the schematic view illustrating the 

□ welding process in the course of assembly of the miniature 

fuse of surface mount type according to the second 
embodiment of the present invention; 
HI Fig. 12 is the longitudinal sectional view of the 

• 15 miniature fuse of surface mount type according to the 

present invention using the fusible member of double wound 
wires construction in the upper surface direction; 



00 



|^ Fig. 13 is the longitudinal sectional view of the 

O miniature fuse of surface mount type according to the 

20 present invention using the fusible member of single wire 

construction in the upper surface direction; 

Fig. 14 is the longitudinal sectional view of the 

variation of the embodiment illustrated in Fig. 13 in the 

upper surface direction; 
25 Figs. 15a to 15e illustrate various welding positions 

and various welding patterns; 

Fig. 16 illustrates the configuration of the tip ends 

of the electrodes to be used in the two-way welding by use 

of Figs. 15c to 15e and the welding process thereof; 
30 Fig. 17 illustrates an aspect of the present 

invention of connecting the cap and the fusible member by 

welding in the application wherein the main body has a 

through-hole and of integral columnar construction made of 

heat resistant insulating material; and 
35 Fig. 18 illustrates the miniature fuse of surface 

mount type according to the present invention wherein the 

main body is cylindrical. 

DETAILED DESCRIPTION OF THE INVENTION 
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Preferred embodiments of the present invention will 
now be explained with reference to the accompanying 
drawings. It is to be understood that throughout the 
present specification and the accompanying drawings, the 
5 components designated by same or similar reference numerals 
indicate those components having same or similar 
functionality and construction. 

With reference to Fig. 3 and Fig. 4, the main body 10 
is made of heat resistant insulating material and has a 
M 10 columnar configuration and is provided with a through-hole 

J~ extending through the main body between the opposite end 

u 

gn faces 11 in the longitudinal direction. While the fusible 

member 30 is extended through the through-hole, the middle 
jjfj part of the fusible member 30 is wound spirally around the 

«P 15 support member 40 and the respective end portions of the 

q fusible member 30 are bent along the end faces 11 of the 

fU main body and engaged with the outer peripheral surface of 

Li 

f" the end portions 12 of the main body 10. The conductive 

Q terminals 20 having a cap- like configuration provided with 

m 20 recessed portion of which sectional shape is substantially 

identical with that of the end portions 11 so that the 
terminals may be fit onto the opposite end portions 12 of 
the main body 10 are fit onto the opposite end portions of 
the main body 10. With the conductive terminals 20 thus 
25 fit onto the main body 10, the terminals 20 of cap-like 

configuration and the fusible members 30 are electrically 
connected to each other by welding. 

For the composition of the material of the support 
member having high thermal conductivity coefficient, in 
30 terms of weight ratio, A1 2 0 3 exceeding 96%, MgO exceeding 3% 
and BeO less than 1% are contained. The fusible member 
having a low melting temperature is wound around the 
support member, the fusible member being made of material 
containing in terms of weight ratio Ag equal to or 
35 exceeding 50%, Cu equal to or exceeding 20%, Zn equal to or 
exceeding 17% and Sn equal to or exceeding 5%. 

As shown in Fig. 5, when cut-out recessed portions 13 
are formed on the outer peripheral surface of the opposite 
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end portions of the main body at two positions on the 
diagonal line in contact with the end surfaces of the main 
body, the respective end portions of the fusible member 30 
are engaged with the cut-out recessed portions. 
5 Thin lids made of sheet of insulating material having 

a thickness smaller than the depth of the conductive 
terminal 20 of cap-like configuration having a 
substantially identical shape to that of the bottom face of 
the conductive terminals 20 may be disposed between the end 

M» io surface 11 of the main body 10 and the bottom face of the 

Q 

q terminals 20 of cap-like configuration . 

ST* According to such a construction as mentioned above, 

m 

~£j the respective end portions of the fusible member 30 which 

U1 is extended inside of the main body 10 along the diagonal 
15 line are bent along the opposite end surfaces of the main 

5 

p body and engaged with the outer peripheral surface of the 

W end portions 12. The terminals 20 of cap-like 

l& configuration are fit onto the opposite end portions 12 of 

O the main body 10 and, as shown in Fig. 6, the opposite side 

nj 

20 surfaces of the terminals 20 of cap -like configuration are 
welded and fixed. The support member having a higher 
thermal conductivity coefficient is caused to radiate the 
Joule heat generated due to flow of current through the 
fusible member 30 out of the fuse through the terminals 20 

25 of cap-like configuration at the opposite ends, thereby 
preventing the temperature of the metal having a low 
melting temperature from rising and providing a strong time 
lag characteristic. When a large current flows, the metal 
having a low melting temperature can be melted with a 

30 smaller Joule heat compared to the metal having a higher 
melting temperature. Accordingly, the fuse according to 
the present invention, despite being of a micro -miniature 
size, can have a high breaking capacity such as AC 600V at 
60A. 

35 For facilitating understanding of the present 

invention, the embodiments of the present invention will 
now be explained again by referring to Fig. 3, Fig. 4 and 
Fig. 5. 
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Fig. 3 is the perspective view illustrating an 
embodiment of the invention while Fig. 4 is the sectional 
view taken along the line A- A in Fig. 3. As shown in Fig. 
4 and Fig. 5 cut-out recessed portions 13 are formed on the 
5 outer peripheral surface of the opposite end portions 12 of 
the main body 10 of a columnar configuration made of heat 
resistant insulating material in contact with the end 
surfaces 11 of the main body 10. As shown in Fig. 4, the 
middle part of the fusible member 30 which is extended 

M 10 inside the main body along the diagonal line is wound 

Q 

g spirally around the support member 40 and the respective 

SI end portions of the fusible member 30 are engaged with the 

m 

2 cut-out recessed portions 13. After the terminals 20 of 

in cap-like configuration are fit onto the end portions of the 

+* 15 main body 10, the opposite side surfaces of the terminals 

3 

g 20 of cap- like configuration in parallel with the outer 

fU peripheral surface of the main body 10 on which the cut-out 

recessed portions 13 with the end portions of the fusible 
Q member 30 engaged therewith are welded with the welding 

U 20 electrodes held in such a manner as to sandwich the side 

surfaces , thereby providing the fuse of the present 
invention which does not exceed a length of 11 mm. 

In the micro-miniature fuse of surface mount type 
according to the present invention, the fusible member 30, 
2 5 the terminals 20 of cap- like configuration and the main 
body 10 are electrically and mechanically connected by 
welding without use of soldering, whereby the pre -arcing 
time-current performance of the fuse becomes stable and a 
strong time lag characteristic and a high breaking 
30 performance as 60A at AC 600V can be attained without 
metallic vaporization of the soldering material and 
sustaining arcs. 

Now, the second preferred embodiment of the miniature 
fuse of surface mount type according to the present 
35 invention will be explained with reference to Fig. 7, Fig. 
8 and Fig. 9. Fig. 7 is the exploded assembly drawing of 
the miniature fuse of surface mount type according to the 
second embodiment. Fig. 8 is the longitudinal sectional 
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view of the miniature fuse of surface mount type according 
to the second embodiment viewed in the direction of side 
surface. Fig. 9 is the longitudinal sectional view of the 
miniature fuse of surface mount type according to the 
5 second embodiment in the direction of upper surface. In 
these drawings, reference numeral 50 designates a 
rectangular split casing of ceramic material forming the 
main body of the miniature fuse of surface mount type. The 
rectangular split casing 50 of ceramic material consist of 

10 the upper ceramic casing 52 and the lower ceramic casing 54, 
p Reference numeral 56 designates the cap serving as the 

m conductive terminal having a recessed portion having the 

sectional shape substantially identical to that of the 
yi opposite end portions of the casing 50 so as to be fit onto 

'j* 15 the opposite end portions of the rectangular ceramic split 

p casing 50. Reference numeral 58 designates the ceramic rod 

adapted to support the elongated fusible member 60. The 
ceramic material to be used for the rectangular split 
D casing 50 may be those ceramic materials which may be 

20 generally used for miniature fuses of surface mount type. 

According to the invention, the material to be used for the 
rectangular ceramic split casing 50 is not limited to 
ceramic material, and any heat resistant insulating 
material which may be press molded such as thermosetting 

2 5 resin and the like, may be applied. It is preferable that 
the cap 56 is made of basic material composed of copper or 
brass and then plated with tin, nickel or silver. The 
material of the cap 56 is not limited to those materials as 
mentioned above, and any material may be utilized so long 

30 as welding with the fusible member 60, as explained later, 
and connection with the connection lands and the like on a 
printed circuit board after completion of the fuse 
production process are feasible. Furthermore, surface 
treatment of the basic material is not limited to plating 

35 and any treatment other than plating may be applied. The 
ceramic rod 58 is preferably made of ceramic material 
containing a composition having a high thermal conductivity 
coefficient as mentioned above and containing in terms of 
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weight ratio A1 2 0 3 exceeding 96%, MgO exceeding 3% and BeO 
less than 1%. However, the present invention is not 
limited to this material, and other ceramic materials or 
insulating materials having different compositions may be 
5 applied. The fusible member 60 is preferably composed of 
metal having a low melting temperature containing in terms 
of weight ratio Ag equal to or exceeding 50%, Cu equal to 
or exceeding 20%, Zn equal to or exceeding 17% and Sn equal 
to or exceeding 5%. However, the present invention is not 
10 limited to this material and it may contain other metals. 

U 

q The split type casing according to the present 

CP invention will be now explained in detail. As particularly 

S3 

.q shown in Fig. 7, the rectangular split type casing 50 is 

HI constructed by upper ceramic casing 52 and the lower 

JE 

15 ceramic casing 54 which are substantially equally divided 

5 

p at the longitudinal direction of the rectangular column, 

ry As shown in Fig. 7, the upper ceramic casing 52 and the 

lower ceramic casing 54 are respectively provided with 
P recesses 62 and 64 at the opposite sides to be matched so 

20 that a cavity may be formed inside of the casing when they 
are jointed. A projection 66 is provided as shown in 
Fig. 7 at the end surface to be joined (this end surface 
hereinafter referred to as "joint end surface") of the 
upper ceramic casing 52 while a recess 68 to be fit in the 
25 projection 66 of the upper ceramic casing 52 is provided at 
the joint end surface of the upper ceramic casing 54 as 
shown in Fig. 7 so that when the upper ceramic casing 52 
and the lower ceramic casing 54 are jointed, they are 
accurately jointed without sliding laterally. It is to be 
30 noted that the projection 66 and the recess 68 may be 

entirely along the end surfaces or partially along the end 
surfaces. As shown in Fig. 7 and Fig. 9, cut-out portions 
70 of semi- circular shape for leading out one end of the 
fusible member 60 are respectively provided at the joint 
35 end surfaces on one side surface of one end portion of the 
upper ceramic casing 52 and the lower ceramic casing 54 
while cut-out portions 70 are provided at the joint end 
surfaces on the other side surface opposite to the one side 



□ 

ry 
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surface of the other end portion of the upper ceramic 
casing 52 and the lower ceramic casing 54. Furthermore, as 
shown in Fig. 7 and Fig. 9, recessed portions 72 which 
constitute one integral recessed portion when both upper 
5 and lower casings are joined are provided at the opposite 
side surfaces of the respective end portions of the upper 
ceramic casing 52 and the lower ceramic casing 54 to extend 
to the joint end surfaces. It is to be noted that the 
recessed portion 72 shown in Fig. 7 extends along the upper 
jjlj 10 surface and the lower surface of the upper and the lower 

p ceramic casings so as to facilitate press molding. Even if 

8j they extend along the upper and lower surfaces halfway, 

93 

y== press molding may be performed, so this variation is also 

HI included in the scope of the present invention. The 

15 purpose of these recessed portions 72 is to enable the cap 
p 56 to be fixed to the rectangular split type casing 50 of 

[J* ceramic material. The manner of fixing by use of these 

y. recessed portions will be explained later. In the case 

that the rectangular ceramic casing 50 is not of a split 

fU 

20 type but one piece unit, one complete recessed portion as 
mentioned above can not be manufactured by press molding, 
and subsequent to molding, additional time-consuming and 
costly processes such as grinding and the like may be 
required. According to the present invention, however, 

2 5 owing to the split type, when the upper and the lower 

ceramic casings 52 and 54 are molded, the recessed portions 
can be easily manufactured simultaneously. 

Procedure of assembly of the miniature fuse of 
surface mount type according to the present invention 

30 will now be explained. Firstly, referring to Fig. 10, 

explanation is made as to the work of inserting the ceramic 
rod with the fusible member wound therearound through the 
through-bore of the main body. Since the fusible member 60 
wound around the ceramic rod 58 requires such a portion as 

35 to be welded to the cap, the tip end of the fusible member 
60 is preferably bent to extend vertically for some 
millimeters with respect to the longitudinal direction. 
However, in this condition, it is not easy to insert the 
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fusible member and the ceramic bar 58 into the through-bore 
110 provided at the main body of a conventional 
construction. On the other hand, according to the second 
embodiment of the present invention, the fusible member 60 
5 and the ceramic rod 58 in the condition shown in Fig. 10 
can be easily placed on the recessed portion 64 of the 
lower ceramic casing 54 from above. Then, the tip end 76 
of the fusible member 60 is passed through the cut-out 
portion 70 to be pulled outwardly from the lower ceramic 
10 casing 54 and, as shown in detail in the enlarged view A in 

o 

□ Fig. 9, the tip end is bent along the face of the recessed 

IP portion 72 to be oppositely engaged with the recessed 

.jg portion 72 so that they face each other. Thus, according 

111 to the present invention, productivity can be enhanced 

7" 15 owing to the split type casings. 

Q Then, as shown in Fig. 8, the upper ceramic casing 52 

is laid on the lower ceramic casing 54 and the caps 56 are 
Ls. fit onto the opposite end portions of the rectangular 

O ceramic casing 50 of split type. 

ill 

20 Fig. 11 is the schematic view showing the process of 

welding. In Fig. 11, reference numeral 90 designates a 
pair of welding electrodes. At the positions of the 
opposite side surfaces of the caps 56 corresponding to the 
two recessed portions 72 of the rectangular ceramic casing 

25 50 of split type as shown in Fig. 9 (it is to be noted that 
one of the recessed portions 72 is occupied by the end 
portion 76 of the fusible member 60), the cap 56 is 
sandwiched by a pair of the electrodes 90 as shown in Fig. 
11. Under this condition, the electric current is caused 

30 to flow between the electrodes with the cap being pressed. 
As the consequence, the cap generates heat whereby the cap 
56 and the end portion 76 of the fusible member 60 are 
welded. Concurrently, as the cap 56 is caused to deform, 
projections 74 are formed at the cap 56 so as to fit into 

35 the recessed portions 72 of the rectangular ceramic casing 
50 of split type as shown in Fig. 11, whereby the cap 56 
can be secured to the rectangular ceramic casing 50 of 
split type. It is to be noted that, in Fig. 11, when 
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viewed from outside of the cap 56 , the portion designated 
by the reference numeral 74 appears to be recessed; however, 
when viewed from inside of the cap, the portion to be fit 
with the recessed portion 72 appears to be projected; 
5 therefore, this portion is referred to as projection. 

In the case of the so-called tubular construction 
provided with a through-hole, at the time of installing 
the fusible member through the through-hole of the main 
body, a certain amount of effort has been required to 

H» io pass the fusible member through the through-hole. However, 

Q 

p according to the second embodiment of the present invention, 

CP by splitting the rectangular ceramic casing 50 of split 

63 

y~ type, extension of the fusible member in the casing 50 can 

IJ1 be performed by placing the fusible member, which has been 

15 extended at a separate site, on the recessed portion of one 
p of the split casings while another split casing is laid 

over the one of the split casings, thereby allowing the 

M 

fusible member to be installed in the casing quite easily. 

S As the consequence, productivity of the miniature fuses of 

fU 

v 20 surface mount type can be enhanced. 

As explained above, since the fusible member 60 and 
the cap 56 are joined by welding, the distance between the 
terminals of the fusible member 60 can be kept constant 
without variation caused during assembly, resulting in a 

25 stable pre-arcing time-current characteristic. Since the 
fusing member 60 and the cap 56 are jointed to each other 
by way of their basic metals, they are not affected by the 
heat generated at the time of soldering the miniature fuses 
of surface mount type to the substrates after assembly, 

30 whereby stable connection of the fusible member 60 and the 
cap 56 can be maintained at the time of mounting to the 
substrates . 

Furthermore, the rectangular ceramic casing 50 of 
split type and the cap 56 are heated and pressurized so as 
35 to deform the cap 56 to form the projection 74 of the cap 
56, and then the recessed portion 74 are fit into the 
recessed portion 72 of the rectangular ceramic casing 50 of 
split type. Thereby, the rectangular ceramic casing 50 of 
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split type and the cap 56 are secured without use of metals 
having a low melting temperature such as soldering material, 
Accordingly, the cap 56 will not be detached from the 
rectangular ceramic casing 50 of split type due to the heat 
5 generated at the time of soldering the miniature fuse of 
surface mount type to the substrate after assembly. 

In addition to the above, according to the second 
embodiment of the present invention, jointing of the cap 56 
and the fusible member 60 and fixing of the cap 56 and the 

M 10 rectangular ceramic casing 50 of split type can be attained 

n 

g in one process. Since the caps 56 are inserted into the 

QT1 opposite ends of the casing with the upper and lower 

S| ceramic casings 52, 54 of split type being aligned, they 

ypj may not be disassembled under a normal condition of use 

4*= 15 without applying adhesive and the like. Furthermore, since 

5 

p the caps 56 are caused to deform in conformity with the 

FU recessed portions 72 formed at the side surfaces of the 

rectangular ceramic casing 50 of split type, the 
p rectangular ceramic casing 50 of split type and the caps 56 

ly 20 are fixed to each other reliably without disassembling the 

miniature fuses of surface mount type under a normal 
condition of use. Thus, the production processes can be 
simplified and the production costs can be reduced. 

It is to be noted that, although the recessed 
2 5 portions 72 are provided at both the upper and the lower 

ceramic casing 52 and 54 according to the second embodiment 
of the present invention, they may be provided at either of 
them. 

As shown in Fig. 8 and Fig. 9, between the cap 56 and 
30 the interior cavity of the rectangular ceramic casing 50 of 
split type, there are provided end walls 78 of ceramic 
material, which have the same function as the lids 
according to the previous embodiment. Accordingly, the cap 
can withstand high inner pressure at the time of breaking 
35 and is thus more rigid than the case of the inner side of 
the caps 56 being exposed directly to the interior cavity 
of the casing. Furthermore, since the end walls 78 are 
provided between the portion of the fusible member 60 
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existing inside the interior cavity and also in proximity 
to the cap 56 and the caps 56, even if arcs are generated 
at the time of breaking, such arcs can be easily 
extinguished. As a consequence, the breaking capacity can 
5 be increased. 

Various variants of the present invention will now be 
explained. 

Fig. 12 is the longitudinal sectional view of the 
miniature fuse of surface mount type utilizing such an 
10 construction of the fusible member including the support 



member being different from that of the second embodiment 
CP in that the double wound wire construction is employed. 

Jpjj For those parts of the construction which are the same as 

Lfj those of the second embodiment, explanation is omitted. 

°P 15 Only the differences will be explained. As shown in Fig. 

q 12, the second fusible member 60b of wire form is wound 

|U around the first fusible member 60a of wire form. Two 

fusible members 60a and 60b of wire form thus wound are 
held in the recessed portion 64 of the lower ceramic casing 
20 54 between the opposite cut-out portions 70 and the end 
portions 76' of two fusible members 60a and 60b of wire 
form thus wound are engaged with the side surfaces of the 
rectangular ceramic casing 50 of split type via the cut-out 
portions 70, and connected to the cap 56 by welding. It is 
2 5 to be understood that the two fusible members of wire form 
may be twisted around each other, for example, or may be 
wound in any suitable way so long as they provide double 
wire winding construction. 

Fig. 13 is the longitudinal sectional view taken in 
30 the direction of the upper surface of the miniature fuse of 
surface mount type which employs single wire construction 
as the construction of the fusible member including the 
support member which is different from that of the second 
embodiment. For the part of the construction same as that 
35 of the second embodiment, explanation is not repeated but 
only the difference will now be explained. As shown in 
Fig. 13, the fusible member 60 of a single wire is held in 
the recessed portion 64 of the lower ceramic casing 54 
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between the opposite cut-out portions 70 , and the end 
portions 76 of the fusible member are engaged with the side 
surface of the rectangular ceramic casing 50 of split type 
and connected to the cap 56 by welding. 
5 Fig. 14 is the longitudinal sectional view taken in 

the direction of the upper surface of the variant of the 
embodiment shown in Fig. 13. It is seen that the cut-out 
portions 70 are not provided at the side surface of the end 
portion of the lower ceramic casing 54 but at the opposing 

M 10 end surfaces as shown in the drawing. The cut-out portions 

Q 

2? are also provided at the corresponding positions also at 

QTI the upper ceramic casing 52 not shown. The recessed 

®jj portions 72' to which the end portions 76 of the fusible 

yf| member 60 are engaged extend to the end surfaces of the 

4* 15 lower ceramic casing 54. It is preferable from the 

s 

P3 production point of view that same configuration of the 

FU recessed portion 72' is also applied to the upper ceramic 

; casing 52 not shown. According to the present invention, 

O however, the recessed portion 72' should not necessarily 

^ 20 extend to the end surface of the upper ceramic casing 52. 

The end portion 76 of the fusible member 60 is bent, having 
passed through the cut-out portion 70, and extended along 
the end surface of the lower ceramic casing 54. Then, it 
is bent at the corner of the end surface and extended along 
25 the face of the recessed portion 72' to the welded position 
and engaged. 

According to the present invention, it is possible to 
assume various positions and patterns of welding. Figs. 
15a to 15e illustrate examples of various positions and 

30 patterns of welding. Fig. 15a shows a case in which the 

welding positions are located only at the side surfaces in 
the same manner as the previous embodiment; Fig. 15b shows 
a case in which the clearance between the rectangular 
ceramic casing 50 of split type and the caps 56 are 

35 absorbed, and the welding positions are located both at the 
side surfaces and the upper and lower surfaces so as to put 
tightly together both of the split casings, namely, the 
upper and lower ceramic casings 52 and 54; Fig. 15c shows a 
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case in which the welding positions are only located at the 
side surfaces and the welding pattern is of double type so 
that the welded part of the fusible member may not collapse 
excessively in case the thickness of the fusible member 
5 being relatively large. Fig. 15d shows a case in which the 
welding patterns at the side surfaces are of double type 
but those at the upper and lower surfaces are the same as 
those in the case of Fig. 15b; Fig. 15e shows a case in 
which welding patterns both at the side and upper and lower 

^ 10 surfaces are of double type in order to enable the 

O 

q electrode having a single type of tip end shape, as well as 

other reasons. It is to be noted in Figs. 15a to 15e that 
reference numeral 80 designates welding traces. It should 
01 be understood that the welding traces provided at the caps 

■** 15 at the locations corresponding to those of the recessed 

O portions 72 (not shown in Figs. 15a to 15e) provided at the 

upper and lower ceramic casings 52, 54 are deformed to 
project so that they fit into the recessed portions 72 (see 

Q the recessed portions 72 and projections 74 shown in Fig. 

fU 

20 9) whereby the caps 56 are fixed to the rectangular ceramic 
casing of split type in the same manner as that explained 
in the second embodiment of the present invention. 

Fig. 16 illustrates the configuration of the tip ends 
of the electrodes to be used for welding of double type as 

25 shown in Figs. 15c through 15e and the process of welding. 
It can be seen that the tip end of the electrode 90 is 
separated in two ways and with regard to the welding traces 
to be provided at the locations corresponding to the 
recessed portions 72 (not shown) provided at the upper and 

30 lower ceramic casings 52, 54, two projections 74' to be fit 
into the recessed portions 72 will be formed at the time of 
welding . 

Fig. 17 illustrates an example of an aspect of the 
present invention for connecting the caps and the fusible 
35 members by welding being applied to the main body which has 
a through-hole and is a one-piece columnar construction 
made of heat resistant insulating material. The fusible 
member of a single wire is passed through the through-hole 
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84 of the main body 82, and the tip ends 76 of the fusible 
member 60 are bent along the end surfaces of the main body 
and engaged with the main body 82 along the side surfaces 
of the main body 82. The main body 82 may be made of 
5 ceramic material. The tip ends 76 of the fusible member 60 
and the caps 56 are connected by welding in the same manner 
as that explained in the second embodiment of the present 
invention. In case that the main body 82 is made of 
ceramic material, fixation between the caps 56 and the main 

H> io body 82 is not so strong as the fitting of the recessed 

O 

p portions 72 of the rectangular ceramic casing 50 of split 

yi type relative to the projection 74 of the caps 56 as in the 

00 

~ second embodiment. However, for augmenting the strength of 

Ul the fixation, both side surfaces and the upper and lower 
+* 15 surfaces may be welded, for example, as shown in Figs. 15b, 

P 15d and 15e. 

lU According to the embodiments as described above, 

L although the columnar shape of the main body is rectangular, 

pea 

O the configuration of the main body is not limited to this 

fLI 

20 rectangular configuration, and any other columnar 

configuration may be applied. Fig. 18 illustrates an 
example of the miniature fuse of surface mount type which 
is cylindrical. 

The present invention has been described by referring 

25 in detail to certain preferred embodiments, and further 
changes and modifications of the present invention are 
clearly feasible within the spirit and scope of the present 
invention. 



